The process of vacuum degassing occurs during the secondary refining of special steels. Its main function is to remove undesirable gases. However, during this process, flotation phenomenon and inclusions absorption are reported. The aim of the present work was to study the slag viscosity and vacuum degassing (tank type) capacity in steel cleanliness from an industry perspective. To achieve this objective, slag and steel samples were taken before and after the vacuum stage. The results in steel cleanliness were related to a kinetic stirring parameter (β s ) of the vacuum station and to the effect of slag viscosity. The removal of inclusions during the vacuum stage reached 64, 75 and 78% in the diameter ranges of 2.5-5, 5-15 and ≥ 15 µm, respectively. After the degassing process, the composition of non-metallic inclusions seemed to approach the slags' chemical compositions. The stirring process in the vacuum degassing station promotes a significant decrease in the inclusion densities for the 2.5-15 µm diameter range and also in the sulfur content in liquid steel. Regarding the effective viscosities of slags, it was concluded that lower values (0.20 Pa.s) increased slag capacity in inclusion removal, whereas higher values (> 0.40 Pa.s) were detrimental to steel cleanliness.
Introduction
In recent decades, the steel industry has been subjected to a large effort aimed at obtaining high quality steels. Vacuum degassing constitutes a crucial stage in the steelmaking process 1 . At the end of this stage, deoxidation, desulphurization, inclusion and gas removal must be achieved 2, 3 . During ladle treatment, a vacuum degassing station is an important unit process for removal and control of several detrimental impurities 4 . One of these impurities is known as non-metallic inclusions. Non-metallic inclusions represent a parameter related to steel cleanliness, including their composition, size and distribution 5 . According to Riyahimalayeri, Ölund and Selleby 2 vacuum degassing should remove the unwanted non-metallic inclusions as much as possible, resulting in a cleaner and more homogeneous steel melt. These unwanted inclusions are related to its destructive effect on the fatigue properties of some steels.
Recently, with regards to the increasing demand of cleaner steels, some research 1, 2, [6] [7] [8] [9] [10] [11] [12] was performed in the analysis of the vacuum degassing process in steel cleanliness. Specifically, Capurro, Cerrutti and Cicutti 6 and Capurro et al. 7 evaluated the effect of the stirring process associated to a kinetic parameter on the steel cleanliness during vacuum treatment. These authors 6, 7 linked this parameter to the inclusion population in the steel bath, regarding density and chemical composition of non-metallic inclusions. Also, these works briefly present an approach regarding the thermodynamics of slags, pointing out the viscosity and driving force of slags in relation to inclusion removal. Some studies [13] [14] [15] have been developed focusing on the thermodynamic analysis of slags, showing the capacity of slag in the removal of inclusions also as a pertinent topic in the search for steels of better quality. In this context, computational thermodynamics has gained application. In the field of inclusions engineering, the application of such thermodynamic software has become fundamental for the study of slag and the inclusionary cleaning of special steels 16 . In fact, computational thermodynamics has been shown to be an excellent tool for the understanding of physicochemical phenomena that occur during the production of steels, also aiding in the decisions to be taken in industrial plants 17 . The study of inclusionary cleanliness of steels in an industrial environment is an arduous task, considering the great amount of incontrollable factors. Most studies related to steel cleanliness are developed on a laboratory scale, where the controllable factors are well fixed and, thus, the source of noise can be eliminated. Works developed on the industrial scale are poorly presented in the literature. In this context, the present study, developed in partnership with an industrial plant, becomes relevant because it can gather important results regarding the vacuum process and the removal of inclusions in liquid steel.
The aim of the present work was to study steel cleanliness during the vacuum degassing process. Therefore, samples were taken before and after vacuum treatments in a steelmaking plant. In order to clarify the effect of some parameters of the vacuum degassing process on the inclusion removal, an approach was taken whereby population and chemical composition of inclusions were related to the effective viscosity of slag and a kinetic stirring parameter. The slag viscosity analysis was performed using computational thermodynamics tool.
Materials and Methodology
In order to evaluate the influence of effective viscosity of slags and the stirring energy promoted by an inert gas through a porous plug, steel and top slag samples were taken according to the route shown in Figure 1 . The steel used for this work has a chemical composition which can be expressed as DIN 38MnS6 standard. All samples correspond to the same steelmaking plant. This study was performed by taking a total of 16 (sixteen) samples divided evenly before and after vacuum degassing treatment, considering (8) steel samples and (8) slag samples. Steel samples were collected using Samp-O-Line (from Heraeus Electro-Nite) without deoxidizer and analyzed by ASPEX equipment 13, [18] [19] [20] [21] model Explorer, equipped with SEM/EDS system. The analyzed area for all steel samples composes the range of 54.3-83.6 mm 2 . Steel chemical composition analyses were carried out using an ARL 3560 Optical Emission Spectrometer to determine calcium (Ca) and aluminum (Al) contents and LECO CS-444LS to determine sulfur (S) 4, 21 contents. Finally, slag samples were analyzed by X-ray fluorescence (XRF) using Philips equipment, model PW2600. The inclusions analysis was classified in three different diameter ranges, namely 2.5-5, 5-15 and ≥ 15 µm, for each steel sample.
The ladle used for this study has a volume of 8.9 m 3 of steel, yielding 62 t of liquid steel with a density of 6940 kg/ m 3 22 . The stirring process is performed by a single porous plug localized in the center of the ladle bottom. The average flow rate during vacuum is about 125 Nl/min. For all samples, the vacuum time at low pressure (< 1.5 mbar) and the lowest pressure reached were approximately 10 min and 0.8 mbar, respectively. After vacuum degassing the steel is adjusted according to its chemical composition, then alloy wires are injected into the melt as Al, Ti, CaSi (inclusions treatment) and S (to guarantee steel grade). After wire injection, the ladle is transferred to a continuous casting station. Another important data to consider is the temperature observed during the vacuum degassing stage. The temperature of the steel upon arrival of the degasser is 1640 °C, whereas after vacuum this value decreases to approximately 1600 °C, regarding all samples (Figure 1 ).
To calculate the slags' effective viscosities, FactSage -a commercial thermodynamic software -, was used. According to Doostmohammadi et al. 23 the use of computational thermodynamics allows the study of different parameters on the ladle refining efficiency. The thermodynamics simulations were performed using two database sets 24 , namely FactPS (for stoichiometrics of pure substances) and FToxid (for oxides and sulfur), in the Equilib software module. The FactSage version applied in this study was 6.4. The calculation of effective viscosity was performed based on two steps: (a) calculation of the liquid viscosity through FactSage using the Viscosity module and after that (b) application of the Roscoe-Einstein method 25 for determination of the effective viscosity (considering the solid particles), as follows in Equation 1 . The liquid viscosity calculation in FactSage can be found in detail in an earlier study 26 .
(
Where ƞ 0 is the liquid viscosity and ƞ the effective viscosity, both in Pa.s. The solid fraction parcel is expressed as f. The factor ρ represents a parameter of solid interaction that in this study was equal to the unity, considering a dilute concentration of spherical particles with different sizes 25 . To increase the metal-slag rate, injected gas is commonly used, which also promotes a thermal and chemical homogenization 27 . At industrial installations, accurate measurements of the blowing gas (usually Ar) are not possible, due to the possibility of leakages in the pipes 6, 7 . 
As seen, the stirring energy (β s ) was obtained by a multiplier factor, known as sulfur mass transfer coefficient (k s ), with three other variables: volume of liquid steel (V), steel-slag interface area (A) and time elapsed (t). This parameter (β s ) returns a numeric value that indicates the intensity of the stirring process. In other words, this parameter is able to indirectly measure the steel and slag interaction from the reduction of the sulfur content in the liquid steel. The units of k s , V, A and t were used in m.min -1 , m 3 , m 2 and min, respectively. The ladle section of the slag line was considered as elliptic shape, so the steel-slag interface is estimated to be 3.73 m
2
. The time elapsed (t) was the same for all samples (20 minutes). The thickness of slag, although it may produce effects in the interaction process between steel and slag 30 , was not considered for study purposes, since during the secondary refining the mass of added slag formers (lime, dolomite, alumina and MgO) in the ladle was practically constant in all the studied heats, being in the range of 2.3 to 2.6 t.
In order to calculate the mass transfer coefficient, k s , the Mendez et al. 31 method was adopted, as follows in Equation 3 and the k s value was obtained by applying the MS Excel Solver tool. Where (S) is the sulfur content in the slag composition. The compositions are given in mass percentages. All data was provided from routine measurements.
Results and Discussion

Slag and steel composition
The resulting chemical compositions of the slag and steel samples taken before and after vacuum degassing are shown in Tables I and II , respectively, including averages and standard deviation (std.) for each constituent. Table I shows that the chemical composition of slags is quite similar before and after vacuum degassing. On the other hand, steel composition presents some changes, as evidenced in Table II . Calcium and sulfur decrease for all heats, after vacuum treatment. Steneholm, Andersson, Tilliander and Jönsson 4 report that 20 minutes of desulphurization leads to a removal of about 50% of sulfur from its initial concentration. Particularly, in this work, the average reduction in sulfur after vacuum degassing reaches approximately 38.5%, at the same time of degassing treatment (20 min). As commented previously, the addition of aluminum in the liquid steel for composition adjustment occurs after vacuum degassing treatment, so the total aluminum content is low during the vacuum stage (max 0.007 wt.%), according Table  II , provided during deoxidation 33, 34 in tapping stage, before ladle furnace (LF) process. It is possible to estimate the aluminum present in the form of oxides (Al oxide ) through the difference between the contents of Al total and Al soluble . Although Al total did not show any variation during the vacuum process, the Al oxide content showed a decrease (average of 10 ppm) in almost all the samples collected, as shown in Table II , indicating a possible flotation of alumina-rich inclusions during vacuum degassing.
Inclusion population analysis
All steel samples were analyzed with regards to their inclusion population. Figures 2a and 2b depict the average frequency of inclusion with standard deviations, considering only oxides, for three ranges of average inclusion diameter. Sulfide type inclusions (MnS and oxy-sulfide) were also found in the samples, but in minor amount compared to oxides. Oxides represented more than 96% and 81% of the total inclusions detected, before and after vacuum degassing, respectively. Thus, these sulfide species were not considered to facilitate the inclusionary analysis. Furthermore, MnS inclusions may be formed probably as a consequence of the solidification process of the samples 21 and do not represent the reality of the liquid steel, at the vacuum degasser. Regarding liquid steel, the presence of oxy-sulfide type inclusions increases after vacuum. These inclusions were rich especially in calcium, which can be attributed to the interaction with the sulfur during the stirring process of the liquid steel under vacuum and they were not removed by the slag. However, as commented, the focuses of the inclusion analysis were made only with respect to the great population of oxides.
It is possible to observe a decrease in inclusion population after the vacuum degassing process (Figure 2 ). This fact confirms the effects from the vacuum station on the inclusion removal. The inclusion removal average during vacuum degassing reaches 64, 75 and 78% for the diameter ranges of 2.5-5, 5-15 e ≥ 15 µm, respectively. The greater average is associated to with the ≥ 15 µm inclusion size and was to be expected, in view of the flotation phenomena. Bigger inclusions have higher rising velocity and are more easily removed from the liquid steel 14 . Still, a higher deviation in the case before vacuum treatment (Figure 2a) was noticed, for the three inclusion diameter ranges. The population of inclusions for the different steel samples before the vacuum stage show high standard deviations due to variations in the frequency of inclusions observed. On the other hand, Figure  2b shows a more stabilized condition, guaranteed by the vacuum process, which in turn, decreased the frequency of inclusions to less than 50 inclusions, in relation to the three diameter ranges considered.
This behavior of inclusion population decreasing after degassing treatment is also reported by others authors 6, [8] [9] [10] [11] . However, it is also reported in some studies 6, 8 that inclusions may increase to larger than 11.3 µm after vacuum treatment, which may be associated to the entrapment of particles of the ladle's refractory lining during the degassing activity. Also, Capurro, Cerrutti and Cicutti 6 , affirm that average inclusion size may increase after vacuum degassing, through a coalescence mechanism. However, in this work, the opposite result was noted. Figure 3 illustrates the behavior of the size variations of inclusions following the vacuum treatment performed in this study.
of inclusions along the vacuum degassing process is shown in Figure 4 , separated for each heat sample and inclusion diameter range. The results for the density change of the inclusions were achieved by taking the difference between the inclusion density after and before vacuum degassing. Payandeh and Soltanieh 34 reported that collision of two particles (inclusions) does not always promote their joining. The authors propose that at extremely high agitation what may occur is the inverse effect, collapsing big inclusions, previously formed, into smaller ones. In the study carried out by Kang 8 , the author found that the agglomeration between inclusions is dependent of its species. The results obtained by the author 8 indicated that alumina inclusions present a rapid growth through the process of attraction and agglomeration, unlike the particles composed of calcium aluminates and spinels, which presented low levels of agglomeration. Also, Kang 8 conducted a study of inclusion population change regarding the ladle age and observed that all evaluated heats show an increase in the number of inclusions larger than 11.3 µm using aged ladles. In contrast, the author also noted that when using a new ladle, the number of large inclusions decreases after vacuum degassing. Whereas, in this work, the ladle age was not considered, this factor can be an important factor in the understanding of inclusion population evolution before and after vacuum degassing.
The density of inclusions is an important measurement of their degree of steel cleanliness. The change in the density A decrease in density of inclusions for almost all (7) heats sampled after vacuum treatment is noted. However, as illustrated in heat sample ST5, there is an increase in inclusion density after vacuum, for all diameter ranges. An increase of 600% in the inclusions amount after vacuum is noted when the density goes from 0.1 to 0.6 inclusions/ mm 2 , considering inclusions ≥ 15 µm. Steneholm, Anderson and Jönsson 10 conducted a study in the changes of inclusion characteristics during degassing and also reported an increase in inclusion density after vacuum for some evaluated heats. According to the authors, this should be related to a change in top slag composition. An increase of CaO content in slag could affect the interfacial properties of inclusion, promoting a difficulty in separation of inclusion for the slag. In fact, slag sample SL5 (related to ST5) presented higher CaO related to others samples, but erosion of the ladle glaze may not be disregard 35 . Likewise, Capurro, Cerrutti and Cicutti 6 observed an increase in density for inclusions bigger than 11.3 µm. In sample ST8 an increase in density by smaller inclusions, in the 2.5-5 µm range is noticed.
Inclusion chemical composition
After vacuum treatment it was possible to observe that the inclusions' chemical compositions differed from before the vacuum treatment. A comparison of the evolution of the compositions between inclusions and slag, in relation to the conditions before and after the vacuum treatment, is shown in Figure 5 . As the points approach the line "y = x", the equality between the chemical compositions is given. It must be taken into consideration that the oxides presented are pure in slag and inclusions and therefore represent a limiting factor. Analyzing Figure 5 , an increase in CaO content is noted and this fact could be explained by interaction between slag and steel, during stirring under vacuum 6 . According to Médioni 12 , a strong stirring and increased kinetic during vacuum degassing is beneficial for approaching equilibrium between slag and inclusions. The same author reported that the values of slag and inclusion composition are not similar, and this could be explained by other inclusion sources apart from slag entrapment. As proposed previously 35 and according to Médioni 12 , these sources of inclusions can be described by ladle lining erosion. With the approximation between the inclusion and slag compositions identified by Figure 5 , deeper analysis reveals a decrease in the dissolution driving force of inclusion by the slag 14 . The difference observed between the inclusion and slag compositions in the samples before the vacuum treatment indicate the condition with higher driving force for the dissolution of these particles.
The CaO content in inclusions increases after vacuum degassing. However, Al 2 O 3 and MgO content are diminished. Inclusion composition seems to approach similarity with the slag, as illustrated in Figure 5 . On the other hand, SiO 2 content did not show a great variation in inclusion composition, but the composition of the inclusions in this constituent was already very close to the composition of the slag even before the degassing process. This fact is illustrated through the points in Figure 5 , after vacuum degassing treatment, approaching the line "y = x". This behavior has been reported elsewhere 6, 10 . As commented before, the steel composition in Ca before and after vacuum degassing (Table II) decreases. Probably, this can be related to the calcium incorporation into non-metallic inclusions by association with dissolved oxygen 36 , providing an increase in CaO content in inclusion composition.
Considering the effect of the degassing process in the size and composition of inclusions, the condition (a) before and (b) after vacuum treatment was plotted, as shown in Figure 6 . It can be seen from Figures 6a and 6b that there are no major differences between the different sized inclusions with respect to chemical composition. In fact, for the before vacuum condition (Figure 6a ), the compositions are very similar for the three diameter bands. For the steel samples collected after the vacuum (Figure 6b ), the compositions are also similar across the three ranges, although there is a greater deviation in the CaO content for inclusions greater than or equal to 15 µm. The evolution of the oxides in Figure  6 is in agreement with the results of Figure 5 .
The average composition of inclusions, separated by ranges, is shown in Figure 7a and 7b, which illustrates the inclusion positions in a CaO-SiO 2 -Al 2 O 3 -MgO pseudo-ternary system (MgO fixed) before and after vacuum degassing with isothermal cuts, based on the start and end temperatures of the degassing process of 1640 and 1600 °C, respectively. This type of ternary diagram was chosen based in the high SiO 2 content present during vacuum treatment.
From Figure 7 , the effect of temperature on the displacement of non-metallic inclusions, as well as the different phases present, is verified. It is noted that the decrease in temperature with the decrease of the MgO content in the inclusions ( Figure  7b ) promotes the appearance of the phases corresponding to regions 4, 9 and 10 in the diagram, when compared to the condition before the vacuum treatment.
In Figure 7a , inclusion compositions are presented with differences, considering all diameter ranges. These inclusions are localized in the center of the pseudo-ternary diagram, associated with a liquid phase (ASlag-liq) and some particles inside the spinel zone with a liquid portion (ASpinel + ASlag-liq). Alexis et al. 37 also reported spinel based inclusions before vacuum treatment. After vacuum degassing, the greater part of inclusions is in the liquid zone (ASlag-liq) and towards the regions 10 and 9, where there exist C 2 S(a-Ca 2 SiO 4 ), oxides (AMonoxide) and liquid (ASlag-liq) phases. This displacement shows a decrease in Al 2 O 3 particle content in the pseudo-ternary diagram. Also it is possible to observe a greater dispersion for inclusions with diameter ≥ 15 µm, indicating the possibility of these inclusions being originated from exogenous sources, such as refractory lining.
It is interesting to present also the morphological aspects of the inclusions as a function of the vacuum process. Morphology characterization of inclusions from before and after vacuum degassing is shown in Figures 8a to 8d .
The typical inclusion morphologies found before and after degassing treatment are principally constituted of CaOSiO 2 -Al 2 O 3 -MgO (with low and high Al 2 O 3 ), MgO-Al 2 O 3 (spinel) and CaO-SiO 2 , as illustrated by Figure 8 . The CaO-SiO 2 -Al 2 O 3 -MgO (high Al 2 O 3 ) and spinel type inclusions were characteristic of samples collected before vacuum, as shown in Figure 8a and 8b, respectively. After vacuum, the inclusions of CaO-SiO 2 -Al 2 O 3 -MgO (low Al 2 O 3 ) and CaO-SiO 2 were more pronounced in the steel samples, respectively illustrated by Figures 8c and 8d . These types of inclusions have also been reported in other works during sampling under vacuum treatment 1, 8, 12 .
Effective viscosity of slags
One of the most important physical properties is slag viscosity that has strong impact on ladle refining 38 . According to Jiang, Wang and Wang
39
, a change in slag composition would result in a change of viscosity, which affects the absorption ability of inclusions. An attempt to identify the influence of the effective viscosity of the slag on the inclusion density variation during the vacuum degassing is shown in Figure 9 , considering a temperature of 1600 °C (at the end of the vacuum treatment) for the three diameter ranges of inclusion.
It is noted that lower viscosity values (close to 0.20 Pa.s) are more effective in steel cleanliness. However, viscosity values greater than 0.40 Pa.s, can be harmful to the inclusion removal by slag and an increased trend in the inclusion density after vacuum, for all ranges of inclusions, is observed. The higher correlation (R 2 = 0.50) identified by the diameter range with the largest population of inclusions (5-15 µm) shows that despite the other factors affecting the removal of inclusions, the effective viscosity of the slag is still a good indicator associated with steel cleanliness. In fact, regarding the steel cleanliness, a lower effective viscosity promotes an increase in slag capacity to remove inclusion from steel bath, since the interaction between slag and steel is optimized. Choi, Lee and Kim 40 demonstrated that, the lower the viscosity is, an increased mass transfer coefficient is noted, intensifying the dissolution rate of inclusions by slag. Additionally, the dissolution rate can also be increased through an enhanced driving force, achieved when slag and inclusion composition present a greater difference 7 . The higher inclusion density change (approximately -6.6 inclusions/mm 2 ) is observed in the 5-15 µm range, as illustrated in Figure 9 . Capurro, Cerrutti and Cicutti 6 obtained values of effective viscosity lower than 0.07 Pa.s and changes in oxide inclusion density near -2 inclusions/mm 2 . Thus, the same behavior of effective viscosity in steel cleanliness was reported.
Kinetic stirring parameter
One of the objectives of this study was to verify, during the degassing process, the effect of the kinetic parameter of agitation (β s ) on the inclusion cleanliness of special steel DIN 38MnS6. For this, it was necessary to obtain and relate the values of the kinetic parameter to the variation of the density From the value of 0.25 for the kinetic parameter, a certain tendency can be observed for inclusions in the range of 2.5-15 µm with respect to the increase of β s . As described by Reis, Bielefeldt and Vilela
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, particles of smaller diameter have a lower rate of ascent and, therefore, are more difficult to remove by slag through the flotation phenomenon. Thus, the gas injection becomes an important tool to push smaller diameter inclusions directly to the slag/steel interface and, from there, the phenomena of separation and dissolution occur.
For inclusions greater than or equal to 11.3 µm, Capurro, Cerrutti and Cicutti 6 and Capurro et al. 7 obtained results different from those previously mentioned. According to the authors, an increase of β s , which is associated with an increase of stirring, can promote slag emulsification phenomenon and new inclusions could be generated. It is possible to obtain new inclusions or "return" inclusions in the liquid steel, such as reoxidation, cleaning of the slag/ steel interface with particles trapping inside the steel and erosion of the refractory ladle wall 41 . For inclusions of the diameter range ≥ 15 µm, a dependence of the inclusionary cleanliness with the parameter β s is not clearly observed, which verifies the smaller values related to the variation of inclusion density, for the greatest diameter range.
The kinetic parameter of stirring can also be related to the desulphurization, i.e. removal of S from the liquid steel, being a good indicator of the slag/steel interaction. Figure  11 shows the variation of the S content in the liquid steel as a function of the kinetic parameter, β s . Considering that these are industrial data, Figure  11 shows an excellent correlation (R 2 = 0.86) between the desulphurization of the liquid steel and the kinetic parameter. It is observed that with an increase of the kinetic parameter, a variation of the S content is even more negative, therefore decreasing the S content in the liquid steel related to the vacuum degassing effect. This means, in other words, that an increase in ladle stirring increases the interaction between steel and slag, promoting a greater absorption of S by the slag.
Still analyzing the β s , Figure 12 illustrates the influence of the stirring parameter in the inclusion content change for (a) CaO, (b) SiO 2 , (c) Al 2 O 3 and (d) MgO. The objective is to filter the inclusion composition and show the evolution of each compound with the stirring process, as adopted in previous studies 6, 7 . In all figures, the adjustment of a linear fit was performed in order to verify the tendency effect produced in the composition of the inclusions with β s .
With respect to the low correlation values shown in Figure 12 , it can be said that they are considered acceptable in view of the industrial environment in which this study was developed. The results were confronted with an analysis of the population of inclusions before and after the vacuum degassing of a previous work also developed in an industrial plant 6, 7 . And, according to the authors mentioned, it was found that for the CaO content in the inclusions, an increase with the β s increment was obtained. For Al 2 O 3 , there was a decrease in its content. In this study, this behavior is proven, as shown in Figure 12a and 12c. According to the authors 6, 7 , a more vigorous stirring promotes the evolution and modification of the chemical composition of non-metallic inclusions present in the liquid steel. For SiO 2 (Figure 12b) , there is an increase in its content as β s is also increased. Finally, related to the MgO content, Capurro et al. 7 reported that with the increase of the kinetic parameter in an elapsed time, the MgO in the inclusions should increase. However, Figure 12d shows no correlation between the MgO variation in inclusions and the effect of β s for the selected linear fit. It is possible that there is a dependence on the way MgO is present in the inclusions. In order to better understand the variation of the content of this constituent as a function of the kinetic parameter, a more in-depth investigation of the condition that makes it possible to illustrate the behavior of MgO versus β s content should be performed.
Conclusions
The study of steel cleanliness during the vacuum degassing process has shown potential. Considering the operational conditions of this work it can be concluded that:
1. The removal of inclusions during the vacuum reached 64, 75 and 78% for the inclusion size ranges of 2.5-5, 5-15 and ≥ 15 µm, respectively. 2. After degassing treatment, the average size of inclusions diminished. Although this result is not in accordance with the literature, it is a desired result, in view of the damaging effects of bigger particles on the properties of the steels. 3. Generally, inclusion density decreases after vacuum degassing treatment for the evaluated heats. 
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